This paper aims to explore how field spectroscopy is essential for remote sensing studies for the detection and monitoring of various features such military underground structures in Cyprus. A SVC-HR1024 field spectroradiometer was used and in-band reflectances were determined for medium resolution Landsat-7 ETM satellite sensor, in order to study possible differences of the spectral signature of vegetation throughout the phenological cycle of plant growth. In this study, two test areas were identified, analyzed and modelled: 1) Military Structure Area (MSA) where underground structure exists, and 2) Reference Area (RA) where underground military structure does not exist. The Normalized Difference Vegetation Index (NDVI) was applied to Landsat-7 ETM and Sentinel-2 satellite images in order to identify the presence or absence of underground structures in the study area.
landscapes in different ways, including changes in thermal inertia [1] , localized soil moisture content and drainage rates [2] , soil composition and vegetation vigor [3] . Vegetation vigor is often observed on the ground as a crop mark, a spot which can be used to denote the presence of underground structures [4] .
Crop marks can be formed both as negative marks above wall foundations and as positive marks above the damper and more nutritious soil of buried pits and ditches [4] . Similar studies have been made in archaeology. For instance, archaeological structures buried beneath the soil (i.e., still un-excavated sites) can be detected through remote sensing images as stressed vegetation (crop marks) which can be used as a proxy for the buried archaeological relics. Crop marks may be formed in areas where vegetation grows over near-surface archaeological remains. These features modify the moisture retention compared to the rest of the crop coverage of an area. Depending on the type of the feature, crop vigor may be enhanced or reduced by buried archaeological features [5] .
If vegetation grows above buried ditches or moat, then the crop growth is likely to be enhanced. This is due to the topsoil, which holds more moisture than in the surrounding context (especially during periods of water stress). This contrasting phenomenon can be recorded from a suitable airborne or space borne platform and is referred to as a positive crop mark [6] [7] . However, in cases where there is not enough moisture in the retentive soil and there is lack of available water for evapotranspiration (e.g., vegetation grown above building remains or compacted ground), the marks developed are characterized as negative crop marks which are less common than positive crop marks [8] [9] .
However, field spectroscopy for the detection of such crop marks still comprises a difficult endeavor since these marks may not be visible in the images if observed over different time periods or at different spatial/spectral resolutions. Former research such as detecting and imaging of underground installments (e.g., tunnels, bunkers) in a hostile environment poses unique challenges on deployment and remote sensing methods [10] . Despite the technological improvements, both in terms of the sensitivity of the sensors (spectral characteristics) and in terms of spatial resolution of satellite datasets, new methods and algorithms are essential to improve Earth observation remote sensing technologies for supporting military research [11] . Field spectroscopy is found to be widely used indeed for several purposes for the detection underground structures such as archeological remains [7] .
The most widely used methodology in field spectroscopy concerns in-situ measurements of the electromagnetic radiation of composite surfaces [12] .
Spectral data are increasingly incorporated into process-based models of the Earth's surface and the atmosphere. Therefore, it is necessary to acquire data from terrain surfaces, both for providing data for modeling specific parameters and for assisting in scaling-up data from the leaf scale to that of the pixel [13] .
The positioning of spectroradiometric reflectance values acquired in-situ through This paper aims to study underground military structures over vegetated areas using both ground and satellite remote sensing data. Several ground measurements have been carried out in military controlled areas (which are not accessible) throughout the phenological cycle of plant growth. Using a SVC-HR1024
field spectroradiometer, spectroradiometric measurements were collected and analyzed to identify underground military structures using the spectral profile of the vegetated surface over the underground target and the surrounding area for in situ observations. Satellite images from Landsat-7 ETM and Sentinel-2 were used after being scaled with RSR filters. The methodology described in this study can be used to provide useful data to the governmental or local authorities for security purposes. However, the issue of detecting military underground structures remains a difficult issue due the inherent characteristics of such structures.
As well, there is a lack of research regarding using vegetation phenology to identify military underground and ground structures.
Resources and Methodology

Study Area
The methodology has been applied in Cyprus in a defined area of interest. The study area is located within a fenced military area. 
Resources
The data were collected using the SVC HR-1024 field spectroradiometer which has a spectral range of 350 -2500 nm. The measurements were taken between 11:00 am and 13:00 pm (Local Time). A reference calibrated spectral on panel (with reflectance ≈ 100%) measurement was used as a reference one, while the measurement over the crops as a target [19] .
Methodology
The area of interest was determined first by identifying plots of land with a high The overall methodology adopted in this study consists of four steps briefly described below (see Figure 3 ):
• Step 1: The area of interest containing an underground structure was selected as a test area.
• Step 2: Spectroradiometric measurements were taken over the MSA in order to collect spectral signatures.
• Step 3: Spectroradiometric measurements were taken over the RA in order to collect spectral signatures.
• Step 4: In-band analysis using Landsat-7 ETM (and Sentinel-2) after scaling up the narrow band reflectance measurements based on Landsat-7ETM (and Sentinel-2) relative spectral response (RSR) filters.
• Step 5: Evaluation of spectral signatures.
• Step 6: Results and comparison using Landsat-7 ETM and Sentinel-2 satellite images to identify underground structures.
Results and Discussion
A comparison of the two study areas using band 1, band 2, band 3 and band 4 of the Landsat-7 ETM was conducted.
Military Structure Area (MSA) and Reference Area (RA)
The two areas MSA and RA have been compared using satellite images and was applied to the images throughout the duration of field measurements.
The NDVI normalizes green leaf scattering in the near-infrared wavelength (NIR) and chlorophyll absorption in the red wavelength (RED) can be described
Where ρNIR and ρRED are the atmospherically or partially atmospherically corrected surface reflectance values of the near-infrared of red wavelengths [20] .
The range of NDVI values is from −1 to 1; generally, healthy vegetation NDVI ranges between 0.20 and 0.80. As is evident in Figure 6 , the increase in vegetation makes the MRA more pronounced and easier to identify, as is indicated in the satellite image from March 7 2017, which have been circled in red.
Following, Sentinel-2 satellite images of the MRA were taken between February 2017 and June, 2017. NDVI was applied to the Sentinel-2 images throughout the duration of field measurements. The MRA is indicated by the dotted circle in Figure 7 . As is evident, the underground bunker becomes more evident towards 
Conclusions
In this study, it was demonstrated how remote sensing can be exploited as a monitoring and decision-making tool by an appropriate agency to tackle military and security issues related to the presence of underground military structures.
The application of remote sensing in defense and security merges the technological improvements of remote sensing sensors with military needs to improve the quality of information retrieved from remote sensing data.
The study found that Earth observation is a valuable aid in military surveys, especially for monitoring and detecting underground military structures. Surveys are used regularly in military organizations to help leaders make decisions [21] . In this study, field spectroscopy measurements were used to detect underground military structures throughout the phenological cycle of the barley crop.
Spectroradiometric measurements can be used as an alternative approach to identify underground military structures, since they can provide accurate spectral signatures for a wide spectral region. Anomalies in the crop spectral signatures resulting from an existing underground structure can be recorded using spectroradiometer.
Indeed, the phenological cycle of vegetation can be used for detecting military underground structures combining with in-band reflectances from medium resolution Landsat-7 ETM satellite sensor and Sentinel-2 sensor. The methodology described in this study supports the detection of military underground structure.
Areas covered by natural soil where underground structures are present or absent can easily be detected as a result of the change in the spectral signature of the overlying vegetation. Further testing and field spectroradiometric measurements will be performed to study other types of military underground structures in order to evaluate the above results and the satellites' spectral sensitivity. Spectral signatures of in-situ data, measured with a spectroradiometer, can be used to assess the effectiveness of several available satellite sensors [22] . The development of a standard model/methodology framework to be produced through the phenological stages of crops for locating military underground structures is an innovation in military operations research. Additionally, the rapid collection of Unmanned Aerial Vehicle (UAV) remote sensing images plays an important role [23] . UAV may be used to survey the area with visible and near-infrared cameras to generate NDVI values or any other Vegetation Indices for comparison to the in-situ spectroradiometric measurements. The methodology presented in this study can be further extended to using other satellite sensors, especially to the next new generation high-resolution satellites.
